Background: For women living with HIV, contraception using condoms is recommended because it prevents not only unintended pregnancy but also acquisition of other sexually transmitted infections and onward transmission of HIV. Dual-method dualprotection contraception (condoms with other contraceptive methods) is preferable over single-method dual-protection contraception (condoms alone) because of its higher contraceptive effectiveness. We estimate the effect of progression through the HIV treatment cascade on contraceptive use and choice among HIV-infected women in rural South Africa.
INTRODUCTION
All women have the reproductive health rights "to decide freely and responsibly on the number and spacing of their children and to have access to the information, education, and means to enable them to exercise these rights." 1 For all women, the ability to freely choose the method of contraception that best fulfills her individual reproductive health needs and wants is an essential component of these rights. 2 Among women living with HIV, prevention of unintended pregnancy is an effective approach to prevent mother-to-child transmission of the virus. 3 In making contraceptive choices, women living with HIV have to consider a number of risks that are different from those that HIV-uninfected women are facing. Compared with HIVuninfected women, HIV-infected women are at greater risk of morbidity and mortality during pregnancy and motherhood 4 and are at increased risk of severe illness from sexually transmitted infections (STIs) other than HIV. [5] [6] [7] HIV-infected women also face the risk of superinfection with a second strain of HIV, which may cause more rapid disease progression and limit treatment options. 8, 9 Finally, women living with HIV are at risk of transmitting HIV to their uninfected partners.
Male and female condoms can provide dual protection against unintended pregnancy as well as acquisition and transmission of STIs, including HIV. Other methods of contraception, such as oral and injectable contraceptive drugs and male or female sterilization can prevent unintended pregnancy but do not serve the additional purpose of protecting against STI acquisition and transmission. Although condoms alone provide dual-protection, dual-method contraception using both condoms and another method is more effective for preventing unintended pregnancies than condom use alone.
In the following, we will use the term single-method dual protection to indicate condom use alone and dualmethod dual protection to indicate concurrent use of condoms and at least one other contraceptive method. We will use the term single protection to indicate contraception without condoms. Although women who are HIV infected can use all of the same contraceptive methods as women who are HIV uninfected, WHO recommends that HIV-infected women use dual protection, and ideally dual-method dual protection to maximize effectiveness in preventing both pregnancy and STI acquisition and transmission. 10 The large-scale use of antiretroviral treatment (ART) has changed what it means to live with HIV and to live in one of the communities in sub-Saharan Africa that are severely affected by the HIV epidemic. 11 ART substantially reduces HIV-related mortality 12 and can dramatically improve life expectancy in communities with high HIV prevalence. 11 By reducing the concentration of HIV in body fluids, ART can also substantially decrease the risk of HIV transmission from an infected to an uninfected partner. 13 Although these biological effects of antiretroviral medication are well established, our knowledge of the behavioral effects of ART programs is limited.
The HIV patient pathway from infection to long-term treatment, the "HIV treatment cascade," 14 can be divided into several steps. First, an HIV-infected woman learns about her positive HIV status in an HIV testing and counseling session, which typically conveys information about HIV infection, options for long-term care and treatment, the importance of disclosure of HIV status to family members and sexual partners, as well as approaches to prevent onward transmission of HIV. 15 Next, the HIV-infected woman can enroll in pre-ART programs for regular review of ART eligibility, prevention of opportunistic infections, contraceptive counseling, and counseling to prevent onward transmission of HIV. [16] [17] [18] At some point after becoming eligible for HIV treatment, the HIVinfected woman may initiate ART; ART initiation is usually preceded by treatment education including information on the importance of ART adherence, disclosure, and practicing safe sex behaviors. 19 Finally, as the HIV-infected woman remains enrolled in the ART program, she will regularly visit ART clinics for assessment of treatment success and continued counseling, including on contraception and prevention of HIV transmission. Progression through the HIV treatment cascade is thus associated with ongoing counseling and knowledge gain on contraceptive choices for HIV-infected women and prevention of HIV transmission. Additionally, the repeated interactions with the health system along the cascade can imply access to contraceptive methods. HIV testing and counseling centers and ART clinics commonly provide male and female condoms, and they are often located close to other health care facilities, such as primary care clinics and family planning centers, 20 where contraceptive methods are available. It is thus plausible that HIV-infected women will increasingly use contraception as they advance from one stage in the cascade to the next. However, the type and magnitude of any such effects is unknown.
Here, we use a rare data opportunity-ART program data that has been linked to population-based surveillance data-to examine whether progression through the HIV treatment cascade affected contraceptive use among the HIV-infected women in a community in rural KwaZulu-Natal with high HIV prevalence 21 and incidence. 22 A previous study in the same community found that ART coverage of HIV-infected populations protected HIV-uninfected individuals from acquiring HIV. 23 In addition to the biological effect of ART, one of the potential causal mechanisms underlying this effect of ART coverage on HIV acquisition could be effects of the ART scale-up on dual protection. To elucidate this possible behavioral pathway from ART scale-up to HIV incidence, we estimate the effects of progression through the HIV treatment cascade on single-and dualprotection contraception.
METHODOLOGY Setting and Data Collection
We use data collected by the Wellcome Trust Africa Centre for Health and Population Studies (Africa Centre). Since 2000, the Africa Centre has operated a longitudinal Health and Demographic Surveillance System, covering the entire population living in a 438 km 2 surveillance area (about 100,000 individuals) in the rural uMkhanyakude district in northern KwaZulu-Natal, South Africa. 24 HIV prevalence in the adult population in this community was 29% in 2011 21 and incidence has been around 3 per 100 person-years for the last decade, 22 with a slight decline in recent years. 23 ART coverage of all HIV-infected adults in the community has risen from 0% in 2003 to 31% in 2011. 21 The surveillance includes longitudinally linked annual HIV testing but the HIV test results are not provided to the surveillance participants. The people living in the surveillance area can test for HIV free of charge at public-sector HIV testing and counseling centers and primary care clinics. They can also test for HIV in private-sector physician practices and pharmacies. During the individual surveillance interviews, all respondents are asked whether they know their HIV status and all women are asked about their contraceptive use. The surveillance also includes linked longitudinal data on demographic, social, and economic factors. To determine progression through the HIV treatment cascade, we linked the data on clinic visits and ART initiation collected in the local public-sector ART program to the population-based surveillance data, using the South African identification number, first name, last name, and birth dates for linkage. 25 In 2004, the South African Department of Health in collaboration with the Africa Centre started the Hlabisa HIV Treatment and Care Programme with support from the Presidential Emergency Fund for AIDS Relief (PEPFAR). The program delivers ART through the 17 public-sector primary care clinics in Hlabisa subdistrict. The program provides free HIV testing and counseling, ART, and male and female condoms; it also includes an active pre-ART component enrolling patients for ongoing counseling and monitoring of CD4 count, HIV disease progression, and health status to determine ART eligibility. Before ART initiation, all patients participate in three group sessions and individual counseling.
After initiation, patients with ART make monthly visits to the program to see a nurse and a counselor and to participate in group and individual counseling sessions. 20 Because women who intend to be pregnant or are "not on reliable contraception" should receive a different first-line ART regimen than other patients according to the South African national ART guidelines, 18 contraception and fertility intentions should be part of the conversation that health care providers have with their ART patients during the monthly clinic visits.
Study Population
The study population included all women who met the following eligibility criteria: they were of reproductive age (15-49 years); they had either tested HIV positive in the Africa Centre HIV surveillance or were enrolled in the Hlabisa HIV Treatment and Care Programme; they reported being sexually active within the past year; and they reported on their contraceptive use in the Women's General Health Survey. We used the latest report on contraceptive use available for each woman who met these eligibility criteria. We used data beginning in 2005 because the Hlabisa HIV Treatment and Care Programme started enrolling patients only at the end of 2004. 20 We use data from the observation period 2005-2012.
Contraceptive Use Variables
Until 2009, the field workers in the surveillance inquired about contraceptive use in the individual interviews by asking "Are you currently doing anything, or using any contraceptive method, to delay or avoid getting pregnant?" If a woman answered yes, interviewers asked her to specify which methods she was using; the precoded answer options included the "pill," "intrauterine device," "Depo-Provera injection," "Nur-Isterate injection," "male condom," "female condom," "female sterilization," "male sterilization," and "other." The question changed slightly in 2009. The surveillance interviewers now asked "Have you ever used contraception?" Women who answered yes were then asked "Which method are you currently using?" and could choose among the precoded answer options: "none," "male condom," "female condom," "female sterilization," "male sterilization," "injections," "pill," and "other." One reason for this change in the question was that For categorical variables-stage in the HIV treatment cascade, married or in a marriage-like relationship, pregnant, health status, household wealth quintile, and calendar year-the summary statistic shown here is the count of people that fall into a category. The percentage of people in the category is shown in parentheses. For continuous variables-age, education, distance to the nearest primary road, distance to the nearest secondary road, and parity-the summary statistic shown here is the mean. The standard deviation is shown in parentheses. Some of the percentages do not sum up to 100% because the percentages for each category have been rounded to the nearest integer. ART = antiretroviral treatment; km = kilometers; HIV+ = HIV-infected.
hardly any women interviewed before 2009 had reported intrauterine device use. As defined above, we categorized the different contraceptive methods into single protection, singlemethod dual-protection, and dual-method dual-protection contraception (Table 2) .
Explanatory Variables
We captured progression through the HIV treatment cascade with dummy variables indicating knowledge of HIV status, enrollment in pre-ART, and having received ART for 0-1, 1-2, 2-4, and 4-7 years. In addition, in the multivariable regression analysis, we controlled for variables that have been found to determine contraceptive use in other studies [26] [27] [28] : age, education, relationship status, parity, current pregnancy, self-reported health status, the distance from a woman's place of residence to the nearest primary and the nearest secondary road, household wealth, and calendar year. With the exception of the ART program data (pre-ART and time on ART), all other information, including awareness of HIV status, was collected by the Africa Centre surveillance. We used school grade attainment data to capture education. We coded women as being married or in a marriage-like relationship if she reported that she was married, engaged, or cohabitating. We coded age in years and included age squared to capture nonlinear age relationships with contraception use. Following a previous study in this community, 29 we created wealth quintiles based on the ranking of individuals on the first principal component obtained in a principal component analysis of information on 27 household assets, such as vehicles, stoves, beds, and livestock. We included the distances from a woman's place of residence to the nearest primary and the nearest secondary road to capture geographical access to health care, because car ownership is rare in this community and people usually walk to the nearest road to fetch a mini bus to drive to a health care facility. 30 
Analysis
Our primary research question here was whether progression through the HIV treatment cascade affected singleand dual-protection contraception. To answer this question, we chose the bivariate probit model, because the two binary decisions-whether or not to use single-protection contraception (ie, any contraceptive method except for condoms) and whether or not to use single-method dual-protection contraception (ie, condoms)-are likely dependent. We except dependency of the two decisions based on both economic theory (the two contraceptive approaches are imperfect substitutes) and the previous empirical literature. 31, 32 In addition to the bivariate probit regression coefficients (Table 3) , we estimated average marginal effects (AMEs) for not using any contraception, using single protection, using single-method dual protection, and using dual-method dual protection (Table 4) . Conceptually, the AME for a dummy variable, such as one of the variables representing a stage in the HIV treatment cascade, is the average across all the individual marginal effects for that dummy variable for each person in the data set. These individual marginal effects are obtained by computing each person's probability of having the outcome when the dummy variable is set to zero and when it is set to unity, in both cases keeping the values of all the other explanatory variables to the values given for that person. 33 The AMEs in Table 4 represent the change in the probability of having the outcome when a certain stage of the cascade is reached, compared to the stage that is the reference category. The AME are shown in percentage points (pp). For instance, a woman who has been on ART for 4-7 years is 21.6 pp more likely to use single-method dual protection compared with an HIV-infected woman who does not know her HIV status.
FINDINGS
There were 7443 HIV-infected women aged 15-49 years who participated in the Africa Centre Health and Demographic Surveillance between 2005 and 2012. Of these women, 5510 (74.0%) reported on their sexual activity at least once, and 4625 (83.9%) of the women who reported on their sexual activity had been sexually active within the past year. Among the 4625 women who had been sexually active, data on all variables for the multiple regression analysis were available for 3169 (68.5%). Here, we present the complete-case analyses of this sample of 3169 women. Table 1 Table 2 shows the distribution of contraceptive methods across the women in this sample of sexually active HIV-infected women; 54% used contraception, and 32% used either single-or dual-method dual protection. Figure 1 shows descriptively contraceptive choice through the HIV treatment cascade. Overall, contraceptive use increased steadily across the stages of the cascade from ,40% among HIV-infected women who did not know their status to .70% among women who had received ART for 4-7 years. The increase in contraceptive use occurred largely due to an increase in the use of dually protective methods.
These trends were even more pronounced when we estimated the effect of progression through the HIV treatment cascade on contraceptive use in bivariate probit analysis, controlling for age, education, partnership status, pregnancy status, parity, health status, household wealth, distance to the nearest primary and secondary roads, and calendar year. The coefficient r, which measures the correlation between the error terms of the two regressions that we jointly estimated in the analysis, was negative (20.292) and highly significant (P , 0.0001). This correlation confirms that the two contraceptive choices should indeed be jointly estimated because of a relationship between the choices that is not found in the observed explanatory variables. Table 3 shows the regression coefficients and Table 4 the AME from this analysis. Compared with HIV-infected women who were unaware of their positive HIV status, the likelihood of single-method dual protection increased by 4.6 pp when women became aware of their HIV status (P = 0.030), by 10.3 pp when they initiated ART (P = 0.003), and by 21.6 pp when they had received ART for 4-7 years (P , 0.001). The likelihood of dual-method dual protection increased by 3.5 pp when women became aware of their HIV status (P = 0.001), by 5.2 pp when they initiated ART (P = 0.007), and by 11.2 pp when they had received ART for 4-7 years (P , 0.001).
As robustness checks of the findings presented here, we repeated the analyses with HIV-uninfected women also included in the sample and after multiple imputation of missing covariates among women who reported being sexually active. The findings from the analysis that includes HIV-negative women are described in detail in the online Appendix (see Supplemental Digital Content, http://links.lww.com/QAI/A576), including the full tables with the descriptive statistics and the regression results. This additional analysis has several advantages (large sample size, ability to compare contraceptive choice by HIV status) but it may also suffer from reverse causality bias because contraceptive choice is an important determinant of HIV status. However, the findings based on the sample including both HIVinfected and HIV-uninfected women are essentially the same as those based on the smaller sample including only HIV-infected women. The findings from the multiply imputed analysis are also similar to those of the main analysis, suggesting that the missing data do not cause significant bias. Finally, changes in the coding and functional forms of the explanatory variables did not lead to any significant changes in the results. We present these additional findings in the online Appendix (see Supplemental Digital Content, http://links.lww.com/QAI/A576), where we also describe and interpret how the other explanatory variables affected contraceptive choice.
DISCUSSION
We examine for the first time the effect of progression through the HIV treatment cascade on contraceptive use. Among HIV-infected women, dually protective methods of contraception can prevent unintended pregnancies, HIV transmission, and the acquisition of other STIs. In a poor, rural community in KwaZulu-Natal, South Africa, we find that both overall contraceptive use and dual-protection contraception increased significantly as HIV-infected women moved from earlier to later stages in the treatment cascade.
Descriptively, the probability of contraception increased from ,40% among HIV-infected women who did not know their status to .70% among HIV-infected women 4-7 years on ART. Controlling for a wide range of potential confounders of the relationship between the stages of the treatment cascade and contraceptive use, we find that progression through the cascade significantly increased the overall probability of contraception as well as single-and dual-method dual protection.
Although significant increases in dual protection occurred across the entire cascade, these increases were substantially larger after ART initiation compared with the stages in the cascade when women learnt of their HIV status or were enrolled in pre-ART care. The large ART-associated increases are plausible based on several mechanisms. First, in preparation for ART women receive intensive counseling, including on methods to prevent transmission of HIV to sexual partners. Second, women on ART are likely to discuss their contraceptive behaviors and fertility intentions with ART health workers during the routine ART follow-up visits. Health workers should routinely initiate such discussions, because based on the South African national ART guidelines 18 the ART regimen needs to be changed when a woman intends to become pregnant or stops using reliable contraception. These discussions offer repeated opportunities for education on the benefits of contraception with condoms. Third, the ART clinics in this community provide male and female condoms free of charge, so that ART clinic visits imply access to dually protective contraceptives. It is possible that the availability of free condoms in the ART program is a reason for the larger increases observed in single-method dual protection than in dual-method dual protection. Last, the ART clinics are located on the premises of the primary-care clinics and thus in close proximity to family planning and reproductive health services, where contraception information and condoms are available. Future research needs to elucidate whether information and counseling or condom availability is responsible for the large effect of ART on dual protection observed in this study. It will also be important to explore whether more intensive counseling and increased condom availability in HIV testing centers and pre-ART clinic visits could increase use of dually protective methods early in the HIV treatment cascade. Our results have several important implications for policy and research. First, the ART effects on contraception with condoms could enhance biological treatment-as-prevention effects. 13, 23 The effects of progression through the HIV cascade found here could also counteract increased sexual risk taking among HIV-uninfected populations in response to ART scaleup. Such "risk compensation" 34 behavior has been hypothesized because the availability of ART decreases both the risk of contracting HIV through unprotected sex as well as the expected health losses after contracting HIV. However, the evidence on "risk compensation" and its potential consequences for HIV incidence is weak, and it is possible that counteracting factors, such as ART-associated behavior change in HIV-infected people has prevented its manifestation.
Second, despite the significant and large increases in dual protection across the HIV treatment cascade, in all cascade stages large proportions of HIV-infected women continued using only single-protection contraception. Although there are significant effects of learning about one's positive HIV status on both overall contraceptive use and contraception with condoms, these effects are small compared with the effects of ART. Future intervention research is needed to determine how HIV counseling and testing can be enhanced to achieve larger dual-protection effects than currently.
Third, although dual-method dual protection increased as women progressed through the HIV treatment cascade, these increases were small relative to the increases in the use of single-method dual protection, which is not as effective as dual-method dual protection in preventing unintended pregnancy. Future research needs to establish what interventionsfor example, targeted provision of contraceptives, new types of contraceptives, or stronger incentives to use contraceptivescan lead to additional condom use among women who currently use other contraceptives and the addition of other contraceptives among women who currently use condoms.
Our study has several strengths but it also has important limitations. One strength of this study is that information about contraception is elicited in the community and not in patient interviews after HIV counseling or visits to an ART clinic, where previous studies have elicited this information. 35239 Although we cannot rule out social desirability biases, such biases seem much less likely when questions about contraception are asked in patients' homes and as part of an interview on a wide range of issues rather than in clinics after patients have just been counseled on a range of ART-related issues, including on prevention of HIV transmission. Home-based interviews are removed from the social norm-setting context associated with ART and HIV counseling. Additionally, unlike in patient interviews, the fieldworkers conducting home-based interviews are unaware of the HIV status of their interviewees; social norms related to HIV status are thus unlikely to affect responses. Other strengths of this study include the large sample size and the fact that we could here for the first time directly compare the effects of different important stages across the HIV treatment cascade, including gaining HIV status knowledge, pre-ART, and ART initiation. An important limitation is that we cannot rule out that unobserved confounders have biased the observed relationships between the stages of the cascade and contraceptive choice. One important unobserved factor that could have confounded our results is fertility intention. Fertility intention may decrease when a woman learns about her positive HIV status; 35, 36 in this case, the estimated effect of HIV awareness on contraceptive choice found in this study may be an overestimate of the true effect. Conversely, fertility intentions may increase after ART initiation as a woman's health and future outlook improves; [37] [38] [39] in this case, the effects of ART on contraception and dual protection found in this study may be underestimates of the true effects. Follow-up studies need to establish causal effects more firmly. Because we cannot randomly assign individuals to different stages in the cascade, quasi-experimental studies will be the only option to strengthen causal inference about the effects of the cascade on contraceptive choice. Examples of quasi-experimental approaches that could be feasible for this purpose include instrumental variable approaches (using, for instance, distance to the nearest ART clinic as an instrument for ART initiation) or regression discontinuity designs using the fact that ART is initiated in patients by applying a threshold rule to the continuous variable CD4 count.
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CONCLUSIONS
Progression through the HIV treatment cascade significantly increased the likelihood of contraception in general and contraception with condoms in particular. The largest increases in contraception with condoms occurred after ART initiation. Future integration of HIV and reproductive health services can build on these achievements to further increase the use of dual-protection contraception, especially in the early stages of the HIV treatment cascade. Our results further suggest that ART programs contribute to HIV prevention through the behavioral pathway of changing contraception uptake and choice.
